Objective: Diabetes mellitus is a systemic metabolic disease, characterized by fluctuating levels of glucose which affects multiple organs. Hearing loss is one of the most common otological disorders in adults with diabetes. This study aims to evaluate the prevalence of otological diseases and hearing loss patterns in adults suffering from diabetes.
Introduction
Diabetes mellitus (DM) is a non-communicable chronic metabolic disease with abnormal blood glucose levels caused by relative or absolute insulin deficiency [1] . The clinical manifestation of diabetes mellitus involves development of broad spectrum of irreversible serious medical complications that affects nearly each organ system of the body leading to serious negative impact on the health and quality of patient's life [2] [3] [4] . The prevalence of diabetes all over the globe is increasing at an alarming rate and it is more pronounced in India [5] . India is considered to be the ʺDiabetes capital of the worldʺ as the total number of diabetic patients is around 40.9 million and by 2025 the number is expected to be 69.92 millions [6] .
Diabetes is an important etiological factor for the onset of hearing loss in the elderly population [7, 8] . Hearing impairment is a common sensory disability to comprehend sound in the auditory pathway of one or both ears, caused by either genetic or environmental factors (i.e., organic and non-organic) which can be of conductive (outer and/or middle ear), sensorineural (inner ear), mixed (outer/ middle/ inner ear) and central (brain stem lesions) types. Prevalence of hearing loss in diabetic patients is higher when compared with non-diabetic population [9, 10] . Increased risk of long-term complications especially damage to the vessels of stria vascularis and nerves of auditory system leads to neuronal degeneration and diminishes the ability of hearing in elderly people [7, 8] . Studies on prevalence of otological disorders associated with hearing loss in relation to diabetes have not received attention in South Indian population. The present study aimed to determine the onset and magnitude of otological disorders associated with hearing loss in diabetic cases of South India.
Subjects and Methods

Subjects
A total of 174 diabetic cases the age group above 40 years affected with hearing loss and 420 age and sex matched non-diabetic cases with hearing loss visiting MAA ENT Hospitals, Hyderabad, Telangana State, India from 2011 to 2014 constituted the study subjects. Individuals with trauma, auricular anomaly, head and neck deformity and history of ear surgery were excluded from the study. Confirmatory diagnosis of diabetes was done by the general physician and auditory examinations were carried out by the ENT specialist to classify the otological disorders. Hearing loss was evaluated using pure tone audiometry and average for the frequencies at 0.5,1,2,4 and 8 kHz was recorded.
Statistical analysis
The data obtained was coded for statistical evaluations. Appropriate statistical analysis was performed using the Statistical Package for Social Sciences PASW STATISTICS 18.0 software (SPSS Inc., Chicago, IL, USA). Continuous data is represented as means and standard deviations whereas categorical data as proportions and percentages for illustrations. The chi-square test and binary logistic regression analysis was used to compare the proportions and association of categorical variables.
Results
Among the 174 diabetic subjects, 65.5% were males and 34.5% were females with increased male preponderance of 1.9. There was no difference in mean age of onset of hearing loss for the diabetic (56.2 ± 11.31) and non-diabetic (54.4 ± 10.74) groups. The distribution of gender, age and otological parameters among diabetic and nondiabetic subjects is depicted in (Tables 1 and 2 ). Chronic suppurative otitis media (CSOM) (47.1%) and presbycusis (27%) were the most prevalent otological disorders ( Table 1 ). The occurrence of tinnitus in diabetes was seen in 32.2% of the cases.
It was observed that with advancing age in diabetic subjects there was a significant increase in the prevalence of presbycusis (63.8%), otosclerosis (50%) and sudden sensorineural hearing loss (SSNHL) (33.3%) compared to non-diabetics ( Figure 1 ). In the present study, diabetes was found to cause significant hearing loss bilaterally (OR 1.62; 95% CI 1.16-2.27) and severity increased in above 60 years (OR 1.70; 95% CI 1.21-2.39) ( Table 2 ). Bilateral form of hearing loss was reported to be highly prevalent in diabetic subjects with sudden sensorineural hearing loss (SSNHL) (66.7%), otitis media with effusion (OME) (58.8%) and acute suppurative otitis media (ASOM) (41.2%) while otosclerosis (76%), Meniereʹs disease (68%) and CSOM (50%) showed unilateral progression ( Figure 2 ). The prevalence of hearing loss in males of diabetic subjects was significantly more when compared to non-diabetic subjects (OR 1.46; 95% CI 1.05-2.06).
With regard to pattern of hearing loss, conductive type was observed in 44.3% followed by sensorineural in 38.5% and mixed type in 17.2% of diabetes cases. It was also observed that there was a significant increase in sensorineural hearing loss (57.1%) in above 60 years of diabetic subjects (OR 4.85, 95% CI 2.37-9.96) ( Table 2) . Diabetic subjects with ASOM (76.5%) showed conductive hearing loss while sensorineural form of hearing loss was noticed to be high in Meniereʹs disease (82%), OME (29.4%) and otosclerosis (25%). Mixed form of hearing loss was seen in CSOM (32.9%) and otosclerosis (25%) of diabetic subjects (Figure 3 ). Diabetic subjects with presbycusis (89%), OME (52.9%) and CSOM (52.4%) were observed to have hearing loss at higher frequency (>40 dBHL) while Meniereʹs disease (100%) ASOM (70.8%) and otosclerosis (25%) had at lower frequency (<40 dBHL) when compared with non-diabetic subjects (Figure 4 ).
Discussion
Diabetes Mellitus is one of the systemic, complex and metabolic disorders with under-recognized complication that has a serious impact on social and economic life style of the people. diabetes is widespread globally and affects all age groups. Diabetes is an important risk factor for the onset of hearing loss and the progression of which involves neuronal degeneration, microangiopathy, degeneration of glucose metabolism, hypertrophy of intima of blood vessels narrowing in the inner ear and inevitable consequence of ageing [11] [12] [13] . Complex relation exists between the otological disorders and metabolic diseases which may act as important risk factors for the hearing impairment [14, 15] . Studies have reported that otitis media has been influenced by diabetes leading to the onset of hearing loss [16] [17] [18] . The occurrence of hearing loss at higher thresholds in CSOM and OME in the present study has been attributed to diabetic micro and macroangiopathies that would induce middle ear infections.
Conductive form of hearing loss was more prevalent in ASOM while sensorineural form prevalent in OME, otosclerosis and Meniereʹs disease. Mixed form of hearing loss was seen in CSOM and otosclerosis.
Further, the prevalence of hearing loss in diabetic subjects significantly increased with advancing age. Presbycusis (63.8%), otosclerosis (50%) and SSNHL (33.3%) were the otological disorders which showed high prevalence of hearing loss in the elderly diabetic subjects (>60 years) when compared to non-diabetics.
Conflicting findings have been reported on the de gree of hearing loss in young and elderly diabetics at different thresholds. Some studies have shown high frequency thresholds being affected whereas other studies have reported to affect at all the frequencies or only at lower frequencies [2, 19, 20] . However, in the present study the prevalence of hearing loss was found to be more prevalent at higher frequency (>40 dBHL) in diabetics when compared to non-diabetics. CSOM, OME and presbycusis showed hearing loss at higher frequencies (>40 dBHL) while Meniereʹs disease with lower frequency (˂40 dBHL). The possible reason for the prevalence of hearing loss at higher frequency in the present study could be due to the abnormal blood glucose levels reducing the blood flow to cochlea causing cell degeneration which is in accordance with the study of Kakarlapudi et al. [2] .
Sex, age and race were the principle factors associated with hearing loss and diabetes [21, 22] . The results of the present study indicated that males had significantly higher prevalence of hearing loss compared to non-diabetic which is in agreement with the previous studies [23, 24] . However, some studies reported no association while others showed female preponderance [25, 26] . Most of the progressive form of hearing loss occurring bilaterally is caused by diabetes [13, 22] . In the present study, there was a significant association of bilateral form of hearing loss in diabetic subjects compared to non-diabetic and has increased with advancing age (>60 years). SSNHL, OME and ASOM showed bilateral progression of hearing loss representing the severity of the otological pathology induced by diabetes.
Conclusion
The present study has revealed hearing loss as an important consequence of diabetes indicating metabolic assessment may be useful for diagnosing patients presenting hearing loss. The study also helped to establish the prevalence of otological disorders in diabetic subjects caused by the dysfunction of middle and inner ear. Diabetes was significantly associated with various otological disorders and hearing loss patterns in the age group above 60 years. Therefore, effective control of diabetes is essential to reduce the incidence of deafness in the elderly to lead a quality life. Prevalence of hearing loss at lower (<40 dB) and higher decibel frequency (>40 dB) in otological diseases among diabetic and non-diabetic study subjects.
